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GPS (global position system) monitoring has great theoretical and practical significance for understanding regional crustal
deformation and disaster prevention and mitigation. Based on the GPS system differential model, this paper builds a seismic
real-time data analysis model and discusses and analyzes the GNSS (global navigation satellite system) single-system single-
difference model, single-system double-difference model, and dual-system double-difference model. When the model is
processing the data of the GNSS dual-satellite positioning system, the proposed short-baseline ambiguity solution is studied to
a certain extent and solves the problems that other common methods can only detect large cycle slips or require dual-
frequency data. During the simulation process, through the study of the GPS coordinate time series, the stability of the site, the
periodic change of the site, the movement law of the plate, and other information can be analyzed. The combined method is
used to estimate the station noise, coordinate time series parameters, and the station velocity, and then the influence of the
common mode error on the station noise, parameter estimation, and station velocity estimation is studied. The experimental
results show that the average magnitude of white noise and colored noise decreases by 31.61% and 42.28%, respectively, which
effectively reduces the uncertainty of parameter estimation and the uncertainty of station velocity estimation.

1. Introduction

GPS is widely used in the research of crustal deformation,
geodynamics, seismology, and other fields due to its advan-
tages of all-weather, high-precision, and real-time perfor-
mance [1]. With the intensive construction of global
permanent GPS continuous observation stations and the
continuous improvement of GPS data processing accuracy,
GPS can monitor global plate movement, regional crustal
deformation [2], and active blocks and fault motions with
higher precision, so that it can provide high-precision crustal
surface displacement field changes with time [3]. With the
development and progress of technology, the observation
accuracy and data processing accuracy of GPS technology
have been continuously improved [4–6], and its application

in the field of geology is also changing with each passing day.
These GPS continuous observation data distributed around
the world are the basis of geoscience research [7].

GPS technology can provide a large amount of observa-
tional data on a global scale. Using these observational data,
we can not only quantitatively study the movement of large
regional plates but also study the movement and deforma-
tion of local plates and subplates [8]. Under the action of
the earth’s internal and external forces, the surface of the
earth’s crust will rise and fall, tilt, and dislocate. Crustal
movements, such as faults, folds, and even earthquakes, are
the process of continuous accumulation of crustal stress
[9–11]. These crustal movements often lead to some geolog-
ical disasters and various secondary disasters, such as land
subsidence [12]. Various disasters caused by crustal

Hindawi
Journal of Sensors
Volume 2022, Article ID 6010491, 12 pages
https://doi.org/10.1155/2022/6010491

https://orcid.org/0000-0002-2199-8469
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6010491


movement have serious adverse effects on national economic
development and people’s lives and properties [13]. There-
fore, effective monitoring of crustal deformation and analy-
sis of its movement laws have great theoretical and
practical significance for understanding regional crustal
deformation and disaster prevention and mitigation [14].

In order to study the high-precision data processing
method of earthquake monitoring and conduct data analysis
and research on the laws of global plate motion based on
this, this paper constructs a real-time seismic data analysis
model, which is based on 6 years of data from more than
700 GPS stations around the world. From the relative accu-
racy of the baseline, the repetition rate of the baseline, the
numerical value of the baseline solution, the accuracy of
the network adjustment solution, and the external coinci-
dence accuracy of the coordinates, the subnetwork division
by latitude and longitude and the subnetwork division by
plate are compared and analyzed. The results are as shown:
when k = 2 ~ 4, the value of m is large, which is not condu-
cive to the execution efficiency of the program, so it is not
listed in the table. The average relative accuracy of the base-
lines in the X, Y , and Z directions of the solution results in
solution is −1:31E − 08, 1:62E − 08, and −2:27E − 07, and
the average solution time is 101.2 minutes; the average rela-
tive accuracy of the baselines in the X, Y , and Z directions of
the results is −9:71E − 09, 2:62E08, and −2:68E − 07, and the
average solution time is 102.1 minutes; the calculation accu-
racy and solution efficiency are slightly better.

2. Related Work

In recent years, GPS technology has been more and more
widely used in earth science, astronomy, and other fields,
and the use of GPS technology to study the law of crustal
movement has made great progress. In a word, GPS technol-
ogy has made outstanding contributions to monitoring
global and regional crustal movement with its advantages
of high observation accuracy, low equipment cost, and all-
weather large scale [15].

Gurbuz et al. [16] studied based on the original pseudor-
ange and carrier phase observations, using the Kalman filter-
ing technology and estimating ionospheric and tropospheric
parameters at the same time, to achieve long baseline,
dynamic high-precision relative positioning, and high-
precision relative positioning for single-difference models.
The positioning technology is studied, and the receiver-
related information such as the relative hardware delay of
the receiver is also obtained while the baseline component
is obtained. Yabe et al. [17] demonstrated the equivalence
of nondifferential and differential models, that is, using the
same observations and estimating the same unknown
parameters, the results are consistent, and a unified data
processing model was proposed. Li et al. [18] analyzed the
application fields of sparse fast Fourier transform and the
discussion of common methods. Finally, based on the above
content as the theoretical basis, this paper proposed a paral-
lel code phase acquisition algorithm based on sparse fast
Fourier transform. The algorithm adopts the idea of the
regional remainder theorem.

Akhoondzadeh et al. [19] first proposed a fast acquisi-
tion algorithm for GPS satellite signal C/A code based on
FFT (fast Fourier transform algorithm). For example, a fast
acquisition method of pseudorandom noise based on
piecewise-matched filter and FFT algorithm [20] averagely
erases the signal sequence of the receiver and at the same
time gives multiple local coding phases. The superposition
of sequences improves the acquisition rate of satellite signals.
The researchers propose a new FFT-based Galileo signal sec-
ondary code acquisition algorithm, which is based on a com-
bination of serial and parallel searches, performing serial
searching in the first stage and parallel searching in the sec-
ond stage [21]. Scholars use circular correlation decomposi-
tion to improve the performance of FFT-based parallel code
phase search to obtain GNSS signals, and propose to use the
shift correlation of PRN (pseudorandom noise) codes to cre-
ate a new local code, and use the standard FFT method to
collect [22], shorten the acquisition time, overcome the
ambiguity problem, and provide the speed of acquisition
through key techniques such as frequency compensation,
superposition processing, segmentation processing, and
inversion position estimation [23].

3. Construction of Seismic Real-Time Data
Analysis Model Based on GPS Monitoring

3.1. GPS Baseline Solution. The main purpose of using the
GPS baseline to solve the carrier is to eliminate or weaken
the influence of the ionospheric delay error, and the role of
using the high-frequency carrier is to improve the navigation
and positioning accuracy, because the high-frequency carrier
can accurately measure the Doppler frequency shift and car-
rier phase BðiÞ. In the GPS navigation and positioning sys-
tem eðxÞ, the purpose of the carrier is to transmit ranging
code information eðlÞ and navigation messages. At the same
time, in the carrier phase measurement, the carrier can also
be used as a ranging signal xðiÞ.

B ið Þ = Δx ið Þ ; Δy ið Þ ; Δz ið Þ½ �T ,

B − e xð Þð Þ × x = l xð Þ − e lð Þ
1 − x

:
ð1Þ

Among them, the main purpose of the C/A code is to
roughly measure the ranging and capture the ranging code
of the precise code. The C/A code is only modulated on
the carrier. Since the C/A code is not modulated on the car-
rier vðxÞ, it cannot accurately eliminate the ionospheric
delay error pðxÞ. The P code modulates the carrier tðxÞ,
respectively, which can completely eliminate the influence
of the ionospheric delay error bðx − 1Þ.

v xð Þ−1p xð Þv xð Þ/n = 1 − t xð Þ,
v xð Þ/n + l xð Þ/x = b x − 1ð Þ × x:

ð2Þ

The ranging code is divided into fine code and coarse
code. The rough code has a symbol rate of 5.11MHz and a
symbol length of 58.67m; the fine code has a symbol rate
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of 0.511MHz and a symbol length of 586.7m. The ranging
accuracy of the coarse code is 1/100 of the length of the sym-
bol. For each GLONASS satellite, there is a C/A code with a
length of 511 symbols to perform phase modulation on the
carrier; GLONASS satellites use P codes similar to GPS sat-
ellite signals, but the P codes of GLONASS satellites are
strictly confidential.

The deviation of the GLONASS satellite coordinate value
in Figure 1 obtained by the integration method and the
actual value increases with the increase of the integration
time. Therefore, for the positioning with high-precision
requirements, the integration length is preferably controlled
within 30 minutes. It can be seen from the data in the table
that when the value of the threshold coefficient k gradually
increases, the width of the fitting window tends to gradually
decrease.

If other cycle slip detection methods can be combined to
repair the cycle slips to within 5 cycles and then use the ion-
ospheric residual method, all cycle slips can be detected.
According to this idea, this paper uses the polynomial fitting
method and the ionospheric residual method to jointly
detect and repair the cycle slip. The specific operation is to
first use the polynomial fitting method to detect the original
carrier phase observations and repair the possible cycle slips
of the original carrier phase observations to within 5 cycles
and then use the ionospheric residual method for further
processing to correctly detect and repair.

3.2. Seismic Network Distribution. In addition to the same
advantages as the baseline solution of the seismic network,
the overall solution mode also avoids the problem of incon-
sistent solutions of the same baseline in different time
periods and the closed loop formed by the baselines in differ-
ent time periods. The transform calculates the two-
dimensional autocorrelation; finally, the one-dimensional
covariance function min ðx − 1Þ can be obtained by using
the rotation average of the two-dimensional autocorrelation
function aðxÞ. Nonzero points in the data can be used to
weight nonzero points in the data zðxÞ to regularize the
resulting autocorrelation function when performing the
power spectrum calculation.

z x − 1ð Þ =min x − 1ð Þ × x
p xð Þ − z xð Þ ,

〠α a 0

a 〠α + x a

0 a 〠α y − xð Þ

2
6664

3
7775 =〠αx:

ð3Þ

Whether the receiver is single frequency or dual fre-
quency, high precision or low precision, before solving the
coordinate value of the monitoring station, it must first cal-
culate the position of the observation satellites of the station
and then observe the position of these satellites and the
receiver according to the position of the station bðxÞ. The
coordinate value pðxÞ of the monitoring station is calculated
according to the relevant information LðxÞ such as quantity,
and the calculation of the satellite position is calculated

according to the relevant parameters in the satellite naviga-
tion message eðxÞ.

x b xð Þtp xð Þb xð Þ − p xð ÞÀ Á
= n xð ÞTb xð Þp xð Þ,

x L xð Þt − E xð ÞÀ Á
=

rant n xð ÞTb xð Þ
n o

rant n xð ÞTe xð Þ
n o

:

8><
>:

ð4Þ

Assuming that m GPS satellites and n GLONASS satel-
lites are synchronously observed at a certain time, and one
GPS and GLONASS satellites are selected as the reference
satellites of their respective systems, n +m − 2 double-
difference equations can be formed, which is better than that
of n +m satellites alone.

It eliminates the influence of the receiver clock and
further reduces the influence of errors such as ionospheric
delay and tropospheric delay, so that the ambiguity has
the characteristics of an integer number of cycles and
improves the relative positioning accuracy. The card
reader of the marking machine itself couples the data
and energy into the TAG (Thos A Grabbert) chip of the
data acquisition system board through the antenna and
can record the GPS data even when the data acquisition
system board is not powered on. The DSP (digital signal
processor) is used as the control part, and its control
mechanism is that when the data in the TAG needs to
be read, the DSP will be powered on and activated
through the IO, which will reduce the power consumption
of the entire board. A custom protocol stack is imple-
mented in the FPGA (field programmable gate array).
After the TAG is activated, the FPGA will read the time
information in it and try to implement the acquisition
algorithm in the FPGA based on this time.

In the network environment of Figure 2, in order to take
advantage of distributed processing for baseline solution, the
task itself must be decomposed, that is, parallel processing.
The seismic wave data acquisition system includes the follow-
ing parts: FPGA+DSP data processing mechanism, preampli-
fier filter circuit, A/D acquisition module, communication
module, self-detection module, dip angle measurement mod-
ule, temperature and humidity acquisition module, power
transmission control module, RFID (radio frequency identifi-
cation) transponder module, power supply detection module,
power supply voltage conversion DC/DC module, and exter-
nal GPS marking machine equipment. It can be seen that with
the increase of sampling interval, the fluctuation range of ion-
ospheric residuals tends to increase, which is also consistent
with the actual situation.

The whole process of the baseline solution can be
divided into three stages: data storage and transmission, data
preprocessing, and baseline vector calculation. The data
characteristics of different stages are different, and the dis-
tributed strategies adopted are also different. To play the best
role of distributed computing, it is necessary to design differ-
ent distributed computing methods according to the charac-
teristics of different stages of baseline computing.
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3.3. Real-Time Data Analysis. In the real-time data adjust-
ment calculation of the GPS network, two methods of batch
processing and sequential processing can be adopted. The
batch method needs to prepare all the observation data of
the processing period in advance and then process the data
in batches. The sequential processing method means that
with the arrival f ðxÞ of the data of the first day, the data of
the first day is processed first, and the adjustment results
of the data f ð2kÞ of the first day are obtained. The adjust-
ment results include the recorrection of the first day’s data
and the correction of the second day, and these corrections
are redistributed to the original approximate values.

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Δf 2xð Þ

p
− Δf xð Þ = lap f kð Þ − 2kf g,

Δt ið Þ = Δa 0ð Þt + Δa tð Þ‐Δ t − t ið Þð Þ:
ð5Þ

It will also regard the data adjustment result t − tðiÞ of
the first day as an approximate value and obtain a correction
amount. Therefore, relatively speaking, the wavelet trans-
form coefficient value of the signal must be larger than the
wavelet coefficient value of the noise whose energy is dis-
persed and the amplitude is small, which is very prominent.
If an appropriate threshold min ðxÞ is selected, the noise
diag ðxÞ can be effectively eliminated by thresholding the
wavelet coefficients vðm − 1, n − 1Þ of the noise-containing

signal 1 − vðmÞ − vðnÞ.

〠min xð Þ−〠diag σ ið Þð Þ = 0,

1
v m − 1, n − 1ð Þ

1 − v mð Þ 0
0 1 − v mð Þ − v nð Þ

" #
= 1:

ð6Þ

GAMIT/GLOBK is a baseline processing software for
positioning and orbit determination using GPS carrier phase
observations. GLOBK uses the Kalman filter method for net-
work adjustment. The monitoring project conducts a com-
prehensive monitoring of the tunnel area, tunnel low
settlement, crack width, and tunnel displacement every three
months, among which the GNSS technology is used for
regional deformation monitoring. The equipment used is 4
sets of Trimble 5700 or R6, the monitoring station is
observed for 7.8 hours, and the adoption rate is 15 seconds.
The data processing is combined with the data of the contin-
uous monitoring station. Figure 3 uses the corresponding
software to process the GNSS data.

In this experiment, let the threshold coefficient k = 2
start to take value, and the experiment obtains the minimum
value of the fitting window width. The results are as shown:
when k = 2 ~ 4, the value of m is large, which is not condu-
cive to the execution efficiency of the program, so it is not
listed in the table. It can be seen from the data in the table
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that when the value of the threshold coefficient k gradually
increases, the width of the fitting window tends to gradually
decrease, but the value of k should not be too large, generally
within the range of 2 to 9. From the perspective of program
execution efficiency, when k = 7 and m = 16, the program
running time is 0.046850 seconds; when k = 8 and m = 12,
the program running time is 0.028068 seconds; when k = 9
and m = 12, the program run time is 0.060400 seconds.
Therefore, when k = 8 and m = 12, the program execution
efficiency is the highest. From the above discussion, it can
be seen that in the case of only one day of data, different pro-
cessing methods for different time periods not only can solve
the Runge phenomenon caused by high interpolation order
but also can significantly improve the overall interpolation
accuracy. Although this interpolation processing method is
a little troublesome, it brings about the improvement of
the overall interpolation accuracy. In the case of only one
day of data, this is a desirable method.

3.4. Error Factor Fitting. To use error factor filtering, it is
necessary to first select the number of wavelet decomposi-
tion layers N , then finely decompose the signal according
to the frequency level, and shrink the high-frequency noise
by selecting an appropriate threshold for each layer. The
high-frequency coefficients from the first layer to the layer
after thresholding are used to reconstruct the signal, and
finally, the deformation signal of the structure is obtained.
The multiresolution characteristics of wavelet and the adap-
tive noise canceller just complement each other.

Because the correlation nðxÞ of multipath errors for two
consecutive days is only about 85% under good conditions
and the random noise aðxÞ of the receiver is mainly high-
frequency noise, which is irrelevant and inevitable, the adap-
tive noise canceller cannot suppress it. However, the struc-
tural deformation signal and multipath noise are mainly at
low frequency HðkÞ, so it is considered to use the multireso-
lution property mðkÞ of wavelet to perform secondary filter-
ing on the signal sin ðx − eðxÞÞ.

n xð Þ =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
G xð ÞM
a xð Þ

s
,

H kð Þ =m kð Þ + e xð Þ sin x − e xð Þð Þ:
ð7Þ

Since the GAMIT/GLOBK software limits the number of
stations for a single day to 99, in the actual calculation, the
number of points exceeds 65, and the calculation time is
greatly increased. The data used in this paper has a total of
about 700 stations. The rover R1 is placed at the opposite
corner to the reference station, because the surrounding
clearance is better, the multipath effect will not be generated,
and the main error source is the system noise of the receiver.
The mobile station R2 is set next to the warehouse, and the
side of the warehouse is used to generate multipath signals.
The results measured by R2 will be compared with R1. The
three sampling intervals can detect the cycle slip value of 1
cycle, which shows that increasing the sampling interval
has no obvious effect on the ability to detect cycle slips. All
brackets are installed on the top. The base is set to keep

the antenna level, the sampling frequency of the receiver is
set to 1Hz, and the sampling time is 90min.

The measured data is analyzed by the joint denoising
method proposed in Figure 4, and the filtering results are
satisfactory. The detection of singularity is mainly through
the wavelet multiscale decomposition of the signal, and the
high-frequency part of each layer after the decomposition
is observed. The protruding point of the waveform of the
high-frequency part is the singularity point. In the short-
baseline differential positioning, it can be considered that
the tropospheric errors at both ends of the baseline are basi-
cally the same, and the influence of this error can be basically
eliminated by the carrier phase difference.

The GPS data postprocessing software is used to elimi-
nate the periodic components and common mode errors
and other nonstructural deformation information in the
continuous station displacement sequence, so that the hori-
zontal movement speed of the continuous observation sta-
tion in the GPS crustal monitoring is improved. At this
time, the tropospheric delay error cannot be eliminated by
differencing even under short-baseline conditions. When
there is a sudden change in the signal, the coefficients after
wavelet transformation have the maximum value of modu-
lus. Therefore, the time when the signal mutation occurs
can be determined by detecting the maximum point of the
modulus. Using the adaptive noise cancellation filtering
method for two consecutive days, the standard deviation
error of the signal can be reduced from the original 13.48%
to 4.26%, and the final error is reduced to 1.42% after the
second wavelet denoising.

4. Application and Analysis of Seismic Real-
Time Data Analysis Model Based on
GPS Monitoring

4.1. GPS Data Sampling. The data from 001-003 days in
2019 of about 700 globally distributed GPS continuous oper-
ation base stations are selected for the experiment, and the
above two subnetwork division schemes are used for data
calculation. The repeatability, the accuracy of the three-
dimensional coordinates, and the compliance with the
weekly solution are compared. Note that this file does not
list the number of estimated parameters, and we read the
estimated parameters directly and finally count how many
estimated parameters there are.

The first field of the parameter line is the parameter name,
the second number is the parameter index, the third and
fourth numbers are the effective start epoch of the parameter
and end epoch, the fifth number is the parameter prior value,
the sixth number is the parameter constraint value, and the
seventh number is the group number corresponding to the
parameter. The computer equipment used in the two subnet-
ting schemes is DELL R710, a 2U rack-mounted workstation,
and its basic configuration parameters are Intel Xeon 4-core
processor, 8GB DDR-3 1066MHz memory. Table 1 uses
GAMIT/GLOBK10.6 to perform data calculation on all sub-
nets in their respective subnetting schemes simultaneously
under the Centos 7 system.
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The method of subnetting by latitude and longitude will
have a uniform number of stations in the subnet, and the
effective time to solve the entire GPS network (the time
taken to solve the slowest subnet) will be lower. The reason
for the uneven number of stations in each subnetwork
divided according to plate distribution is that the subnet-
work is limited by plate distribution, and some plates have
fewer stations. The waveform with a sampling interval of
15 s fluctuates within 5 weeks, and the detection ability of
the polynomial fitting method for the observation data with
a sampling interval of 15 s is 5 weeks. According to the above
discussion, it can be concluded that if the sampling interval
of the receiver is set within 15 s, the cycle slip value of the
original observation data can be repaired within 5 weeks
by using the polynomial fitting method.

Figure 5 uses the built-in mk-net coordinate conversion
tool to process the GAMIT/GLOBK data in the catalog after
updating the tables catalog org file to extract the uric line
data for coordinate transformation to obtain the required a
priori coordinate file format and then perform st-filter pro-
cessing. The results obtained from the org file have better
accuracy. The wavelet coefficients at different scales are sim-
ilar to the wavelet coefficients of the measured wind speed,
with many peaks and basically occurring in the correspond-
ing time period, reflecting the internal hierarchical structure
of the turbulence. The wavelet coefficient probability density
function comparison of wavelet simulation wind speed
shows that the wind speed simulated by harmonic stacking

is Gaussian, while the wind speed simulated by wavelet is
non-Gaussian due to the existence of intermittent, which is
consistent with the measured wind speed, and the inverse
distance interpolation algorithm is used to eliminate the
nonstructural noise in the GPS mobile observation regional
stations, so that the horizontal movement speed in the
mobile monitoring of GPS regional stations is not affected.
The kurtosis between different scales shows an obvious
decreasing trend, especially in the first four scales, the prob-
ability density distribution is already quite different from the
Gaussian distribution, and the kurtosis of scale 2 reaches
12.4333. In addition, it can be seen from the skewness anal-
ysis that the data distribution of the measured wind speed
and the simulated wind speed is basically symmetrical.

4.2. Real-Time Data Measurement. In this paper, the above
two subnetting schemes are used to analyze the baseline rep-
etition rate from four aspects, and perform statistical analy-
sis from the aspects of maximum value, minimum value, and
average value. The data sampling interval was set to 15 sec-
onds, and the observation period was 3 hours. Figure 6
selects the phase observations of the first 400 epochs of the
satellites PRN2 and PRN4 (PRN represents the pseudoran-
dom number of GPS satellites) synchronously observed by
the two stations as the research objects.

It can be clearly found that there is a big difference with
the measured wind speed. Although the wavelet coefficient
shows a certain intermittent in the low frequency stage, it
is basically Gaussian white noise in the high-frequency stage,
and there is no difference between different scales like the
measured wind speed. From the wavelet coefficient probabil-
ity density function and the kurtosis and skewness analysis
results of the harmonic simulated wind speed, it can be seen
that the harmonic superposition method is in good agree-
ment with the Gaussian distribution, its kurtosis fluctuates
around 3, and the skewness fluctuates around 0.

The maximum error of the solution results of the three
components of the two network distribution schemes is less
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Table 1: GPS data sampling.

GPS data index Mean value Error value Effective value

System 1 0.24 0.66 0.67

System 2 0.27 0.32 0.14

System 3 0.60 0.22 0.16

System 4 0.01 0.74 0.51

System 5 0.56 0.33 0.80
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than 2 cm, the minimum value is below 2mm, and the aver-
age value is between 4mm and 5.2mm. The calculation
accuracy is high and meets the requirements of crustal
movement research; in contrast, the solution accuracy of
the subnetting scheme by latitude and longitude is slightly
better. It can be seen that most of the differences in the
adjustment results of the two subnetting schemes are less
than 5mm, and the two have a high degree of agreement,

which also proves the reliability of the calculation results
from the side.

4.3. Monitoring Coordinate Simulation. In order to facilitate
the management of GNSS deformation monitoring coordi-
nate result data and the corresponding operations, SQL
Server 2008 is used as the database for data management.
This module includes functions such as submission and
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Figure 7: Query results of monitoring coordinate data points.

Table 2: Data query algorithm.

Batch solution words Query algorithm codes

The cycle slip is m kð Þ For n = 1: length(rarmjointnames)

The core of data acquisition Jntstate = receive(jointsub)

It means that l xð Þ − e lð Þ Tgrasptocan = trvec2tform([0,0,0.08]))

It is not eliminated a tð Þ t − t ið Þð Þ Jntposwaypoints = repmat(initialguess, numwaypoints, 1)

Additional biased n x − yð Þ Shome_t = trvec2tform(start_home)

Parameters or occurs End_t = trvec2tform(end_home)

Dynamic range of x − e xð Þ Eul2tform([pi/8,0,-pi]

Related to H kð Þ Eul2tform(rpy)

The acquired signal z x − 1ð Þp xð Þz xð Þ Rarmjntposwaypoints = zeros(numwaypoints)

Which greatly improves the dirichlet nð Þ Jntpos = jointmsgtostruct(elfin3,jntstate)

It meets the signal acquisition requirement Numel(rarmjointnames)
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storage, data addition, data modification, data deletion,
Excel import, and data clearing. Since the power supply of
most GPS stations in the earthquake area was interrupted
52 seconds after the earthquake, the power supply and data
collection were resumed after about four hours, so there
was no GPS data during the power outage. Due to the large
deformation caused by the earthquake, the observation data
before and after the earthquake are divided into two periods,
namely the period before the earthquake and the period after
the earthquake. In order to facilitate the analysis of GPS
data, it is mainly considered that most of the stations in
the earthquake area have relatively large movements during
the earthquake, so relatively stable GPS stations are required
as reference stations and data fusion.

Before data query, first set the name of the monitoring
point to be queried and the time period to be queried. The
monitoring point name in Figure 7 can be selected more
than one. The time period of the query is divided into two
types: one is to set the start time, the end time defaults to
the present time, and we query all monitoring data of
GPS1 and GPS3 monitoring points; the second is to set the
query start and end time, respectively. At the same time,
the nonstructural noise parameter information such as the
annual term and the semiannual term in the displacement
time series after removing the common mode error is fitted

and finally removed from the displacement sequence. The
implementation of the first two modules is to specify the
name and period of monitoring points in advance and selec-
tively modify and delete the data in the SQL (structured
query language) database; data clearing is to clear the speci-
fied database of all monitoring data.

4.4. Example Application and Analysis. In view of the char-
acteristics of many monitoring points, long monitoring
period, and large amount of data in engineering buildings,
the monitoring data query function has been developed,
which is convenient for users to screen data according to
the needs of the actual situation, improves the efficiency
of data sorting, and sifts the screened data. The primary
indicator of the first criterion is the magnitude of the
baseline component error. If it is larger than your preset
prior constraints on station coordinates and orbital param-
eters, then a quick look at the file or the autcIn-sum file
will reveal a lot of data lost by it. If the data is randomly
distributed, the prior weights are also correct and will be
close to unity. In practice, using the default weighting
method, a good solution can yield about 0.25. If it is
greater than 0.5, it means that the cycle slip is not elimi-
nated or is related to additional biased parameters or
occurs, if the final batch solution meets both criteria, it
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Figure 8: Monitoring point displacement tolerance setting sequence.
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is usually not necessary to carefully observe any other
outputs.

The seismic wave data acquisition system uses the
high-precision 24-bit ADC (analog to digital converter)
in Table 2 as the core of data acquisition, which greatly
improves the dynamic range of the acquired signal and
meets the signal acquisition requirement of a dynamic
range of 120 dB. The ADC is driven by the FPGA digital
logic, and the data is transmitted to the DSP through the
interface for data processing.

The FPGA frames the processed data and transmits it to
the terminal or the previous node through the POE commu-
nication interface. In order to enable users to visually check
whether the displacement of the monitoring point exceeds
the specification tolerance or early warning value, a toler-
ance setting module is added on the basis of the function
of drawing the displacement trend graph. The second is
the self-defined tolerance. According to the needs of differ-
ent engineering buildings and different user levels, the toler-
ance value can be set by yourself. The displacement trend
graph can be zoomed in and out, saved, and checked for
information such as the phase and displacement of the mon-
itoring point. It can be seen that the displacement of the
GPS4 monitoring point in the ninth phase of the x-axis is
1.8mm. In this paper, GAMIT10.6 is used for the baseline
solution, the solution result is a single-day solution, and
the number of calculations for the 18 subnetworks is about
20,000 per day.

Since the application of GPS analysis requires uniform
sampling, for the uneven sampling in the coordinate time
series of the reference site, interpolation processing is
required to obtain a uniformly sampled coordinate time
series. The interpolation method used in Figure 8 is singular
spectrum iterative difference. Due to the large number of
stations in this paper, 4 stations with obvious data missing
are selected from all stations to show the interpolation effect.
It can be seen that the four stations have obvious data miss-
ing before the interpolation. After the iterative interpolation,
the coordinate time series becomes continuous and smooth,
which is more in line with the data requirements of crustal
movement research. Trimble 5700 or R6 was used, and the
adoption rate was 15 s; continuous monitoring data was offi-
cially collected from July 2019, the Leica 902 dual-satellite
receiver and antenna were used, and the adoption rate was
15 seconds. It is found that the maximum speed difference
in the north-south direction is 0.6mm, the minimum is
0mm, and the root mean square of the speed difference is
0.26mm; the maximum difference in the east-west direction
is 0.5mm, the minimum difference is 0mm, and the speed
difference RMS is 0.19mm.

This paper uses 5% as the threshold, and data with a
missing rate of more than 5% will be eliminated. After anal-
ysis, it was found that about 160 stations did not meet the
requirements and were eliminated, and the eliminated sta-
tions accounted for 22.9% of all stations. The remaining
number of stations is about 536. The difference between
the filter value and the measured value of GPS1 and GPS4
is within ±0.4mm, indicating that the Kalman filter can bet-
ter reflect the actual change of GNSS deformation monitor-

ing and can truly reflect the real-time dynamic data of the
deformable body. The deformation monitoring data has a
good denoising effect.

5. Conclusion

In this paper, through the analysis of actual data, the defor-
mation trend of seismic information can be obtained by
GNSS, which can meet the requirements of high precision
and real-time seismic monitoring. In view of the characteris-
tics of long deformation monitoring time and large amount
of data, the SQL Server 2008 database is studied, and the
GNSS monitoring data is efficiently and real-time managed,
and auxiliary functions such as modification and Excel batch
import are designed; in order to visualize the axial and point
displacement trends of GNSS monitoring points, the effec-
tiveness and real-time update of the controls are verified
through actual development. It can be seen that the root
mean square of the velocity difference in the vertical direc-
tion is 1.97 times that of the horizontal direction. At the
same time, the single-day solution was calculated for 6 years
of observation data from more than 700 GPS stations
around the world, reaching millimeter-level accuracy. On
the basis of the research on the subnetwork division scheme,
GAMIT/GLOBK10.6 is used to calculate the baseline of each
subnetwork, and the joint network adjustment is carried out
for the whole network. It can be seen from the calculation
results that the relative accuracy of the baseline reaches the
order of 10E − 9; the calculated value of the baseline is
around 0.18; the average repetition rate of the baseline is
0.0028m; the average value of the network adjustment is
below 6mm, and the maximum parts are around 4mm. It
can be seen that the solution results can meet the research
needs of this paper.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The author declares no known competing financial interests
or personal relationships that could have appeared to influ-
ence the work reported in this paper.

Acknowledgments

The work presented here was supported by the National Key
Research and Development Program of China under grants
2021YFC3000705-06 and 2017YFC1500502-05.

References

[1] K. Ravikumar and A. RajivKannan, “An enhancement of loca-
tion estimation and disaster event prediction using density
based SPATIO-temporal clustering with GPS,” Multimedia
Tools and Applications, vol. 79, no. 5-6, pp. 3929–3941, 2020.

[2] A. Z. Sha'ameri, W. A. W. Aris, S. Sadiah, and T. A. Musa,
“Reliability of seismic signal analysis for earthquake epicenter

11Journal of Sensors



location estimation using 1 Hz GPS kinematic solution,”Mea-
surement, vol. 182, article 109669, 2021.

[3] V. N. Morozov, V. I. Kaftan, V. N. Tatarinov, I. Y. Kolesnikov,
A. I. Manevich, and A. Y. Melnikov, “Numerical modeling of
the stress–strain state and results of GPS monitoring of the
epicentral area of the August 24, 2014 earthquake (Napa, Cal-
ifornia, USA),” Geotectonics, vol. 52, no. 5, pp. 578–588, 2018.

[4] S. Asaly, L. A. Gottlieb, N. Inbar, and Y. Reuveni, “Using sup-
port vector machine (SVM) with GPS ionospheric TEC esti-
mations to potentially predict earthquake events,” Remote
Sensing, vol. 14, no. 12, p. 2822, 2022.

[5] H. Kato, “Development of a spatio-temporal analysis method
to support the prevention of COVID-19 infection: space-
time kernel density estimation using GPS location history
data,” in Urban Informatics and Future Cities, pp. 51–67,
Springer, 2021.

[6] H. Tsuji, Y. Hatanaka, and Geospatial Information Authority
of Japan 1 Kitasato, Tsukuba, Ibaraki 305-0811, Japan,
“GEONET as infrastructure for disaster mitigation,” Journal
of Disaster Research, vol. 13, no. 3, pp. 424–432, 2018.

[7] D. Singh, B. Singh, and D. Pundhir, “Ionospheric perturba-
tions due to earthquakes as determined from VLF and GPS-
TEC data analysis at Agra, India,” Advances in Space Research,
vol. 61, no. 7, pp. 1952–1965, 2018.

[8] S. Pasari, Y. Sharma, and Neha, “Quantifying the current state
of earthquake hazards in Nepal,” Applied Computing and
Geosciences, vol. 10, article 100058, 2021.

[9] D. Legrand, G. Marroquín, C. DeMets et al., “Active deforma-
tion in the San Salvador extensional stepover, El Salvador from
an analysis of the April-May 2017 earthquake sequence and
GPS data,” Journal of South American Earth Sciences,
vol. 104, article 102854, 2020.

[10] J. Fan and K. Stewart, “Understanding collective humanmove-
ment dynamics during large-scale events using big geosocial
data analytics,” Computers, Environment and Urban Systems,
vol. 87, article 101605, 2021.

[11] S. Auclair, F. Boulahya, B. Birregah, R. Quique, R. Ouaret, and
E. Soulier, “SURICATE-Nat: innovative citizen centered plat-
form for Twitter based natural disaster monitoring,” in 2019
International Conference on Information and Communication
Technologies for Disaster Management (ICT-DM), pp. 6–8,
Paris, France, 2019.

[12] P. Jia, X. Zhang, W. Zhuang, and F. Jiang, “GPS observation in
Sichuan-Yunnan and its vicinity before and after the Wench-
uan earthquake in a decade,” Geodesy and Geodynamics,
vol. 12, no. 1, pp. 43–47, 2021.

[13] M. N. Shrivastava, A. K. Maurya, G. Gonzalez et al., “Tsunami
detection by GPS-derived ionospheric total electron content,”
Scientific Reports, vol. 11, no. 1, pp. 11–13, 2021.

[14] B. Pan, G. Liu, T. Cheng et al., “Development and status of
active volcano monitoring in China,” Geological Society, Lon-
don, Special Publications, vol. 510, no. 1, pp. 227–252, 2021.

[15] V. Kaftan and A. Melnikov, “Migration of earth surface defor-
mation as a large earthquake trigger,” in Trigger Effects in Geo-
systems, pp. 71–78, Springer, 2019.

[16] G. Gurbuz, B. Aktug, S. Jin, and S. H. Kutoglu, “AGNSS-based
near real time automatic earth crust and atmosphere monitor-
ing service for Turkey,” Advances in Space Research, vol. 66,
no. 12, pp. 2854–2864, 2020.

[17] T. Yabe, Y. Sekimoto, K. Tsubouchi, and S. Ikemoto, “Cross-
comparative analysis of evacuation behavior after earthquakes

using mobile phone data,” PLoS One, vol. 14, no. 2, article
e0211375, 2019.

[18] N. Li, X. Kong, and L. Lin, “Anomalies in continuous GPS data
as precursors of 15 large earthquakes in Western North Amer-
ica during 2007-2016,” Earth Science Informatics, vol. 13, no. 1,
pp. 163–174, 2020.

[19] M. Akhoondzadeh, A. De Santis, D. Marchetti, A. Piscini, and
S. Jin, “Anomalous seismo-LAI variations potentially associ-
ated with the 2017 Mw = 7.3 Sarpol-e Zahab (Iran) earthquake
from Swarm satellites, GPS-TEC and climatological data,”
Advances in Space Research, vol. 64, no. 1, pp. 143–158, 2019.

[20] V. T. Baloyi and A. Telukdarie, “Internet of things: opportu-
nity for disaster risk reduction,” in Proceedings of the interna-
tional conference on industrial engineering and operations
management, pp. 2087–2096, Johannesburg, South Africa,
2018.

[21] T. Kato, Y. Terada, and K. Tadokoro, “Development of GNSS
buoy for a synthetic geohazard monitoring system,” Journal of
Disaster Research, vol. 13, no. 3, pp. 460–471, 2018.

[22] H. S. Munawar, M. Mojtahedi, A. W. A. Hammad, A. Kouzani,
and M. A. P. Mahmud, “Disruptive technologies as a solution
for disaster risk management: a review,” Science of the Total
Environment, vol. 806, Part 3, article 151351, 2022.

[23] J. K. Park and M. G. Kim, “GNSS data processing and analysis
for earthquake disaster prevention monitoring,” International
Journal of Embedded and Real-Time Communication Systems
(IJERTCS), vol. 9, no. 2, pp. 47–62, 2018.

12 Journal of Sensors


	Construction and Application of Seismic Real-Time Data Analysis Model Based on GPS Monitoring
	1. Introduction
	2. Related Work
	3. Construction of Seismic Real-Time Data Analysis Model Based on GPS Monitoring
	3.1. GPS Baseline Solution
	3.2. Seismic Network Distribution
	3.3. Real-Time Data Analysis
	3.4. Error Factor Fitting

	4. Application and Analysis of Seismic Real-Time Data Analysis Model Based on GPS Monitoring
	4.1. GPS Data Sampling
	4.2. Real-Time Data Measurement
	4.3. Monitoring Coordinate Simulation
	4.4. Example Application and Analysis

	5. Conclusion
	Data Availability
	Conflicts of Interest
	Acknowledgments



